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Description 

This Invention relates to me interconnection of 
electronic components such as for example inte- 
grated circuit (IC) crdps, chip earners, printed circuit 
boards end, In particular, to methods of forming an 
interconnection wire on a contact on an electronic 
component, methods of interconnecting contacts on 
first and second electronic components, a capillary 
for a wire bonder and electronic components per se. 

As the size of electronic components is reduced 
due to advances in the techniques by which they are 
manufactured, the density with which such comno- 
nents can be arranged in a piece of equipment 
becomes Increasingly dependent on the space 
required to form interconnections to contacts on the 
components. A commonly used technique Involves 
fastening a component such as an 1C chip to a sub- 
strate such as a printed circuit board by means of an 
adhesive. Interconnection wires are each bonded at 
one end to a respective contact on the component by 
thermocompression wire bonding (which uses a com- 
bination of heat and pressure to form e weld), and are 
bonded at or towards their other end to a respective 
contact on the substrate, again generally by ther- 
mocompression wire bonding. A significant disadvan- 
tage of this technique is that the area occupied by the 
installed component with Its interconnections is sig- 
nificantly greater than the area of the component 
itself. The configuration of an interconnection made 
by this technique wll be as disclosed in US-441 7392. 

An Interconnection technique which reduces ths 
space required to form the interconnections to a com- 
ponent involves theformatlon of "bumps* of a conduc- 
tive material on the contacts of either the component 
or the substrate to which the component is to be con- 
nected. The bumps allow connections to be made be- 
tween the contacts on the component and contacts on 
the substrate which are directly opposite the compo- 
nent contacts. Generally, the bumps comprise a sol- 
der material and are applied to contacts by plating. 
Connection of a bump to a second contact can then 
be achieved by ref lowing the solder. It is also known 
to form bumps by forming a bond between a ban on 
the end of a length of wire and a contact by ther- 
mocompression wire bonding, and breaking the wire 
immediately above the bail. A connection between the 
ball and a second contact can then be made by means 
of a welding technique such as ultrasonic bonding. 
This technique is disclosed in J P-A-59. 208751 . JP-A- 
60.89951 and JP-A-60. 134444. 

Interconnections between electronic components 
which are formed by means of bumps suffer from the 
disadvantage that frequently they are not suff icientiy 
compliant to withstand forces exerted on thermal 
cycling, which can result in differential expansion of 
the components and breakage of at least some of the 
Interconnections. 


3 459B1 2 

US-33734B1 discloses a technique for securing 
conductive pedestals to terminal elements of an Inte- 
grated circuit device, which comprises thermocom- 
pression bonding gold spheres onto the terminals 

5 using a tool which deforms the spheres into elongate 
pedestals. The pedestals are connected to intercon- 
nect areas on a printed circuit board by means of a 
solder In which me gold of the pedestals dissolves. 
The application of this technique to densely packed 

io contacts is limited by the accuracy with which the tool 
used to deform the spheres can be manufactured. 
Furthermore, the disclosed technique relies en dis- 
solution of the material of the pedestals In order to 
ensure that they are of approximately equal height 

is and therefore that interconnections can be made be- 
tween all of the pedestals and respective contacts 
which lie in a single plane. This has the disadvantage 
that the resulting joint between the pedestals and the 
solder is embrittfed on dissolution in the solder and, 

so moreover, if It Is desirable or necessary to break the 
solder connections and subsequently to remake mem 
(for example for repair), the length of pedestal remain- 
ing for such subsequent connection is reduced. 
We have devised a technique for interconnecting 

26 electronic components in which Interconnection wree 
are bonded at one end to contacts on a f set compo- 
nent, cut to a predetermined length and bonded to 
contacts on a second component by means of a ma- 
terial which is different from the materials of die wires 

so and the contacts. 

According to one aspect the present invention 
provides a method of making an assembly of a first 
and a second electronic component, the assembly 
having plural interconnecting contacts between the 

35 components, comprising the steps of: 

(a) forming individual interconnection wires an 
each contact on the first component by: 

(i) bonding a wire to the contact without the 
use of a material other than the materials of 

40 the contact and the wire, and 

(ii) straightening and severing the wire by 
applying a force thereto in a direction eway 
from the contact, to leave an interconnection 
wire bonded to the contact and having a free 

4S end, the length of the interconnection wire, as 

measured from the contact on the first compo- 
nent, or, if a portion of the interconnection wire 
is broadened In the vicinity of the contact, as 
measured from a point Immediately above any 

so such broadening, being from about 2d to 

about 20d, where d is the diameter of the wire; 

(b) positioning the components so that the sec- 
ond component is in faco-to-f ace relationship with 
the first component; and 

S3 (c) bonding the free end of each interconnection 

wire to a respective contact on the second com- 
ponent 

According to another aspect the invention pro- 
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vtdes en assembly comprising first and second eleo- 
troniC components in Opposing face-to-face relation- 
Ship, each component having a plurality of contacts, 
pairs of contacts on the first and second components 
respectively being Interconnected by individual 
straight interconnection wires extending between 
contacts on opposing faces of me two components, 
each of the interconnection wires 

(a) being bonded to the contact on the first com- 
ponent without the use of a material other than the 
materials of the wire of that contact 

(b) being bonded to the contact on the second 
component by means of a conductive material 
that is different from tee materials of the Intercon- 
nection wire and of the contact; and 

(c) the length of the Interconnection wire, as 
measured from the contact on the first compo- 
nent, or, if a portion of the interconnection wire Is 
broadened in the vicinity of the contact, as 
measured from a point immediately above any 
such broadening, being from about 2d to about 
2od, where d is the diameter of the wire. 

The use of wire to form means for interconnecting 
contacts on electronic components has many advan- 
tages over conductive pedestals formed by deform- 
ing gold spheres. In particular, the technique of the 
present invention is applicable to wires having diame- 
tem as small as 75 micrometers or less without the 
need to make intricate and very small scale tools. The 
technique Is very adaptable and does not require dif- 
ferent tods for each configuration of component The 
technique allows Interconnection wires to be made 
more reproducjbly to a desired length than is possible 
by deforming gold spheres and therefore removes the 
need to use a solder to dissolve the material of the 
interconnection means which, as discussed above, 
has significant disadvantages. 

The ease with which connections can be made to 
the interconnection wires of the nresent invention, 
arising from their reproducible length, has the signifi- 
cant advantage that it allows connections to be made 
to contacts on an electronic component for testing 
purposes; the fact that it b not necessary to dissolve 
the end portions of the wires in a solder to make their 
lengths equal means that the wires maintain their full 
length after testing for subsequent interconnection to 
another electronic component. 

The Interconnection technique of this invention 
allows a higher density of interconnections to be 
achieved than has been possible hitherto, and fur- 
thermore, its applicability Is not restricted to electronic 
components with a maximum number of contacts. 

This is in contrast to me technique In which a compo- 
nent is connected to a substrate (on which it is moun- 
ted) by wires having a wire bond at each end. in which 
the contacts have generally to be around the perime- 
ter of the component; thus according to the present 
invention wire bonding techn Iques can be used to pro- 


vide an array of interconnection wires on a compo- 
nent, or a component having multiple rows of Inter- 
connection wires around its perimeter. It Is in contrast 
to connections made by means of bumps, which gen- 
erally are applica bis only to components with a small 
size because of their inability to withstand expansion 
and contraction of the connected components on 
thermal cycling. It is also in contrast to the technique 
of making interconnections by means of moulded 
pedestals because of the difficulty of machining and 
maintaining clean moulds to the small sizes of wres 
which are used in the present technique.' 

The contact on the surface of the comnonent to 
which the interconnection wire Is or ts to be connec- 
ted, may be in the form of, for example, a pad, or an 
end of a conductive trace which runs parallel or per- 
pendicular (or at an angle between the two) to the sur- 
face, such as a via. It may be recessed, coplanarwlth 
the surrounding surface of the comnonent, or it may 
stand proud of the surface. 

The bond between the wire and the contact, 
which b made without the use of a material other than 
the materials of the contact and die wire, wfll generally 
be a weld. The bond may be formed by the application 
of one or a combination of heat, pressure and vib- 
ration, for example, by thermooompresslon bonding 
which utilizes a combination of heat and poseurs, or 
by thormoeonlc or ultrasonic bonding which utilize e 
combination of heat, pressure and vibration, h will be 
understood that Incidental amounts of materials other 
than the materials of the wire and the contact such as . 
for example surface preparation agents, reaction pro- 
ducts end contaminants such as oxide coatings and 
the like, may be nresent In or around the bond. 

The bond may be formed between the circumfe- .. 
rentiai surface of the wire and the contact, the wire 
being bem adjacent to the bonded portion so that it 
extends away from the contact This Is generally 
known as "wedge bonding-. 

More preferably however, the bond is formed be- 
tween the end of the wire and the contact This tech- 
nique generally involves heating the wire at or near its 
end to form a ball. The bond Is then formed between 
tee ball and the contact The heat may be applied to 
the end of the wire by means of an electric arc extend- 
ing between an electrode and the wire. The wire is 
supplied from the wire bonder through a bonding head 
which is generally referred to as a capillary and which 
has s through passage through which the wre pas- 
ses. This technique is generally known as "ball bond- 
ing-. 

The wire which Is used to form interconnection 
wires m accordance with the present invention will be 
as fine as possible consistent with the mechanical 
and electrical requirements placed upon it when in 
use, and on the requirements for handling it and tor 
bonding It to the contacts. Generally, the wire will be 
substantially round and will have a diameter of less 
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than about 375 micrometers {microns), preferably 
less than about 250 microns. Particularly preferred 
wire has a diameter of from about 12 to about 125 
microns, espedaUy from about 25 to about 75 
microns. 

The material of the wire will be selected according 
to the techniques by which the interconnections be- 
tween it and the contacts on the electronic compo- 
nents are to be made. The wire should be capable of 
bonding to the material of one of the contacts without 
the use of another materia), and for this reason, alumi- 
num, gold and copper wires are preferred, hard drawn 
gold wire being particularly preferred. 

The length of the interconnection wire is 
measured from the contact unless a portion of the 
interconnection wire b broadened in the vicinity of the 
contact, as would be the case when the bond "» for- 
med by, for example, ball bonding or wedge bonding. 
In this event, the length of the interconnection wire is 
measured from a point immediately above any such 
broadening. For example, when the bond Is formed by 
ball bonding, the length of the wire will be measured 
from thB point where the wire enters the ball; the sur- 
face of the ball may be concave or convex at that 
point. When the bond is formed by wedge bonding, 
the length of the wire will be measured from the point 
where the portion of wire bonded to the contact meets 
the per don of wire extending away from the contact 

it is preferred that the length of the Interconnec- 
tion wire Is from about 3d to about 1 2d,, preferably 
from about 5d to about 7d. Interconnection wires hav- 
ing a length within the specified range, and particu- 
larly within the specified narrow range, have a 
particularly advantageous combination of properties. 
On the one hand, the wires are suff icientiy compliant 
to be able to accommodate forces exerted due to 
thermal cycling of the interconnected components, 
relatively long interconnection wires being preferred 
for interconnecting large components. Moreover, 
Interconnection wires with lengths falling within the 
above ranges are suf ficiantty strong to be able to sup- 
port an electronic component on top of a substrate, 
while still allowing for the thermal effects as discus- 
sed above. The mechanical properties of the Intercon- 
nection Wires can be adjusted to suit the requirements 
of a particular application by appropriate selection of 
the shape, materia), processing (which can affect, 
inter ate the hardness and modulus of the wire), and 
length of the wires. Yet another advantage of such 
wires is that they have a very much shorter length 
than the wires used in the prior art techniques discus- 
sed previously In which the wires extend from a first 
component to contacts on a substrate on which the 
first component a mounted. Shortening of the wires 
alleviates undesirable reactance characteristics and 
allows the rate of signal transmission between com- 
ponents to be increased. Another significant advan- 
tage of The technique of this Invention over this prior 


art technique is of course that the space required to 
make the interconnections between electronic com- 
ponents is significantly reduced. 

When the bond between the wire and the contact 
s is formed by bail bonding, it is preferred that the 
height of the bail above the contact (measured to the 
point furthest from me contact) is from about 1d to 
about 3d. • 

The wire may be severed directly to a desired 

10 length. Alternatively the wire may be severed by being 
weakened at a point a desired distance from the bond 
to the contact in such a way that ft breaks under an 
applied force at the point at which It has been 
weakened. The wire may be weakened first, so that 

is it breaks when a force is applied subsequently. Alter- 
natively, the force may be applied to the wire which is 
then weakened while the foroe is being applied. The 
force which Is applied to the wire is sufficient to break 
the wire at the point at which it has been weakened 

20 but should not be so great that the bond between the 
wire and the contact Is broken. The combination of 
applying a force to the wire and then weakening the 
wire to cause it to break at a predetermined point has 
the advantage that R is a particularly convenient way 

25 to break wires to a repeatable length. Furthermore, 
localised necking of the wire caused by the appli- 
cation of force results in the wire being tapered over 
e short distance at its free end. This has the advan- 
tage that it fec9ttate8 location of the free end or the 

90 wire in an appropriately located quantity of conductive 
material, particularly when the conductive material Is 
located in a recess as described in more detail below. 
Moreover, a bond between interconnection means 
and a pool of conductive material is Inherently 

as stronger If the interconnection means has a constant 
cross-section since applied tension puts the bond 
under an exclusively shear load. Furthermore, a wire 
having a tapered end portion can be inserted into a 
mechanical connector, the contact cross-section por- 

40 don of the wire allowing a reliable connection to be 
made to the wire. 

It is preferred that the method includes the step 
of applying force to the wire. When the wire Is severed 
directly to a desired length, an applied force can serve 
40 to remove any kinks or set in the wire. 

A significant advantage of the application of force 
to the wire is that It helps to straighten the wire, in par- 
ticular to remove any curl In the wire, and thereby 
reduces the chance of two or more interconnection 
so wires contacting one another and forming a short cir- 
cuit 

Another advantage of applying farce to the wire is 
that the bond between the interconnection wire and 
the contact ts tested mechanically automatically dur- 
S6 ing the assembly process. 

Yet another advantage of the application of force 
to the wire is that it work-hardens the wire, thereby 
restoring at least partially its metallurgical properties 
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which had been previously affected when it was 
heated, for example to cause it to bond to the contact 
or to weaken it 

The problem of curl in a wire Is particularly pre- 
valent when the wire has been supplied and stored on 
a reel The method of forming Interconnection wires of 
this Invention is capable of solving this problem eleg- 
antly, while also allowing wires to be cut reproduciWy 
to a desired length. 

The direction in whioh the interconnection wire 
extends from the contact can be selected by approp- 
riate application of force. Preferably the Interconnec- 
tion wire extends in a direction away from the contact 
at an angle of less than about 30* , especially less than 
about 5°, to a line that ia perpendicular to the contact 
at the point at which the wire is bonded thereto. It Is 
especially preferred that the wire extends in a direc- 
tion that is substantially perpendicular to the contact 
at the point at which it is bonded thereto. While it Is 
preferred that the interconnection wires be straight 
and extend in a direction perpendicular to the contact, 
the wires may be Inclined at any desired angle, by 
being bonded at that angle or being bent to that angle 
after bonding, and they may be curved, provided that 
the wires are maintained a sufficient distance apart to 
avoid contact with one another or with contacts or 
. other conductive elements which would lead to a 
short circuit 

Preferably a wire bonder is used to form the inter- 
connection wire. Wire may be supplied to the contact 
through passage in a bonding head, and one or more 
of heat, pressure and vibration may be applied to the 
wire to make the bond via the bonding head. 

The bonding head may be provided ah means for 
weakening the wire at a predetermined point relative 
to the opening through which the wire leaves the pas- 
sage. Preferably, the wire is weakened at a point 
within the capillary. 

The means for weakening the wire preferably 
comprises a heat source for localised application of 
heat to the wire. For example, it may comprise an 
electrode arranged for generation for an electric arc 
between the electrode and the wire, or It may com- 
prise a laser or an electrical resistance heater. The 
laser or arc electrode may operate Independently of 
or in conjunction ith another heat source, or another 
weakening means. 

The means for weakening the wire may comprise 
an element which is arranged to contact the wire to 
create a point of weakness therein. The element may 
create a notch in the wire or it may sever the wire 
dlrectfy. The element may comprise for example a 
blade or a wire. The element may also comprise a 
heat source, for example a heated blade or wire. 

The weakening means is preferably arranged so 
mat the wire Is weakened at a point within the bonding 
head. This has significant advantages. For example, 
It enables the wires to be cut reproducibly to a desired 


length by resting the bonding head on the contact or 
on a broadened portion of the wire in the vicinity of the 
contact; cutting the wire with the bonding head in this 
position ensures that the wire has a predetermined 
s length measured from the contact or from a point 
immediately above the broadened portion of the wire. 
Moreover, weakening the wire within the bonding 
head allows better control over any debris resulting 
from the weakening step; h is highly undesirable that 
io any such debris should fail onto the component to 
which the wire is bonded where it could form a short 
circuit The weakening means may be so arranged by 
being positioned In an aperture In the wall of the bond- 
ing head which communicates with the through pas- 
is sage. 

Preferably, the internal diameter of the through 
passage is substantially constant over a distance, on 
each side of the point at which the wire is weakened, 
more preferably of at least about x, especially of at 

20 leastabout 2.5x. more especially of at least about 4x, 
where x Is the interna] diameter of the passage at the 
said point. This feature has been found to contribute 
to the accuracy with which the wire can be cut since 
the wire is less able to move laterally within the 

26 through passage than in a conventional bonding head 
In which the through passage is flared outwardly from 
a point only a short distance above the opening from 
which the wire leaves the passage. As an example, in 
a bonding head for wire having a diameter of 50 

30 microns, the diameter of the through passage at the 
opening will generally be about 60 microns. In this 
case it Is preferred that the diameter of the passage 
be about 60 microns over a portion of its length at 
leastabout 125 microns, especially at leastabout 250 

35 microns, on eech side of the means for weakening the 
wire. 

The weakening means may be positioned exter- 
nally of the bonding head, preferably on an external 
surface. For example, when the weakening means 

40 comprises en electrode for generating an electric arc, 
it may be provided by a stripe of a conducting material 
such as a conducting paint An advantage of an elec- 
trode positioned externally of the bonding head Is that 
it is relatively convenient to manufacture the bonding 

46 head. Furthermore, It Is possible conveniently to form 
relatively short interconnection wires, for example 
having a length of 2d to 3d. 

Particularly when the means for weakening the 
wire Is mounted externally of the bonding head, It is 

go preferred that the method of forming interconnection 
wires includes the step of moving the bonding head 
away from the contact before the step of weakening 
the wire. The length of the Interconnection wires may 
be selected by controlling the distance through which 

& the bonding head is moved, for example by use of a 
stepping motor. 

The nature of the bonding head will be deter- 
mined according to the nature of the bond to be made 

S 
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thereby. When the bonding head fa for making a ball 
bond, it wll generally be a "capillary". When the bend- 
ing head Is for making a wedge bond, it win generally 
be a ■wedge*, these terms having recognised mean- 
ings in the art 

The formation of interconnection means from 
wire has many advantages over pedestals formed by 
deforming gold spheres. For example, interconnec- 
tion wires have a substantially constant cross-section 
which allows a more even stress distribution over their 
length compared with a moulded pedestal which has 
to be tapered over its entire length In order to be 
removable from its mould. A constant cross-section 
also facilitates mechanical connection to the intercon- 
nection moans. The distribution of stress over the 
entire length of the the Interconnection means Is desi- 
rable since it allows a greater strain to be withstood. 
Significant advantages also arise from the metallurgi- 
cal structure of a wire compared with that of a moul- 
ded pedestal. A wire is work-hardened as a result of 
the process by which it is made. This ensures that 
interconnection means made from wire are capable 
physically of supporting an electronic component 
while also being sufficiently compliant to withstand 
thermally induced stresses between the component 
and a substrate to which It Is connected. In contrast, 
moulded pedestals will tend to be relatively soft as a 
result of the annealing to which they are subjected 
during the moulding process. The structure of the 
metal of moulded pedestals will also tend to bo gen- 
erally more flawed, and to have a coarser grain, than 
that of wire. Moulded pedestals wffl therefore tend to 
be less capable of withstanding thermally induced 
stresses without breaking at a point of weakness pro- 
vided at a flaw; further mere, the electrical properties 
of Interconnection wires will be superior to those of 
. moulded pedestals because of their more refined 
structure. 

The reproducible and reliable mechanical and 
electrical properties of interconnection means formed 
from wire therefore confer significant advantages on 
the interconnection technique provided by the present 
invention. 

Preferably the method Includes the step of apply- 
ing to the bond between the interconnection wire and 
thB contacton the first component, and to the surface 
of the component at least in the vicinity of the bond, 
a layer of an insulating material through which the wire 
extends In the direction away from the said surface. 

The provision of a layer of insulating material has 
the advantage that the conductive material that is 
used to make the bond between the interconnection 
wires and the second component Is prevented from 
wioking along the wires into contact with contacts on 
the first component where It could cause a short cir- 
cuit between such contacts. The problem which the 
insulating layer overcomes is believed to be peculiar 
to the interconnection technique of the present inven- 


tion since the small scale and configuration of the 
interconnections means that wioking of a material 
such as solder is more prevalent 

A further significant advantage of the component 
6 having a layer of an insulating material is that, in 
effect It comprises a packaged component in which: 

(I) each contact on the comnonem has an inter- 
connection wire bonded thereto, to allow connec- 
tions to be made to contact on other components; 

io and 

(II) the bonds between the interconnection wires 
and the contacts, and sensitive surface regions of 
the component are sealed against ingress of 
contaminants. 

t s A packaged component therefore has the advan- 
tage that it can be operated on in environments other 
than 'clean room" environments, for example for test- 
ing of the component and for shipping,. The use of 
interconnection wires formed by the method of the 

so present Invention allows a packaged component to.be 
made having a smaller size than has hitherto been 
possible. Indeed the area occupied by the packaged 
component need be no greater than the area of the 
component itself. .This is a significant and highly des'h 

29 rable aspect of the present invention. 

The layer of insulating material may also serve to 
support the interconnection wires laterally. In particu- 
lar, to provide strain relief at the base of the wires. 
Preferably, the layer of insulating material is suf- 

so f Identiy thick to cover the bond between the wire and 
the contat together with any broadened end portion of 
the wire associated with the bond, and especially that 
it extends along the constant cross-section portion of 
the wire, tor example by at least 25 microns, it is pre- 
ss ferred that the thickness of the layer Is at least 15 
microns, especially at least 50 microns. 

The layer of insulating material may be applied In 
layers. This has the advantage that pin-holes in a 
single layer are blocked. 

40 The layer of Insulating material may be applied as 
a curabls liquid. It may be applied in drops; and the 
drops may then be encouraged to flow over the sur- 
face of the component by agitation, for example by 
spinning the component or by vibrating It 

43 Preferably the bond between each interconnec- 
tion wire and its respective contact on the second 
component is made by means of a conductive ma- 
terial which is different from the materials of the wire 
and of the contact The conductive material may exist 

50 as a fluid or may otherwise be deformable at ambient 
temperature, for example a conductive liquid, grease 
or gel. where necessary retained In place by a cover 
or a container. More preferably, the conductive ma- 
terial Is a material which can be used to form a bond 

55 once heat has been applied thereto, for example a 
solder, a brazing material or a heet-ectivatable adhe- 
sive. Thus, It Is preferred that the conductive material 
is fueibte and Is located In discrete quantities on each 
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of the contacts or the second component, trie bond 
being made by heating me conductive materiel to 
cause it to fuse end Inserting the free end of the Inter- 
connection wire (Which is bonded to the contact on the 
first component) into the fused conductive material. 

Preferred solder materials Include InJPb and 
Au/Sn alloys. 

Formation of the bond between the wire and the 
contact on the second component using a conductive 
material has the advantage that the bond to the sec- 
ond component can be made and unmade repeatedly 
and conveniently without affecting the bond between 
the wire and the first component, thereby allowing thB 
first component to be disconnected from the second 
component, for example for repair or replacement. 
This Is very much more difficult to achieve with inter- 
connections made by means of 'bumps*, since the 
connections between a bump and first and second 
components usually have the same nature; for 
example, they are usually both welds or both solder 
connections. To disconnect a component that Is con- 
nected by an Interconnection wire wtth a wire bond at 
each end, it is necessary to cut the wire. The wire may 
then be too short to remake the connection, and It Is 
extremely difficult to ensure that loose wires, 
attached to contacts on the first component, are con- 
nected to thB correct contacts on the second compo- 
nent Because of these and other difficulties, 
reconnects n of components whose interoonnectlon 
wires have been out Is not usually attempted: both the 
first and second components are usually disserted 
and replaced, which can Involve significant expense, 
particularly when one of the components comprises 
a substrate on which several other components have 
already been mounted. The present Invention 
removes the need for a wre bond at each end of the 
interconnection wire, thereby overcoming the prob- 
lems of repar encountered with the prior art wire 
bonding technique. By severing the interconnection 
wires formed by the present method to a substantially 
constant length, there is no requirement to use a con- 
ductive materiel in which the material of the intercon- 
nection means dissolves, as taught in US-S3734S1. 
Indeed it is preferred to use a conductive material in 
which the material of the Interconnection wires Is sub- 
stantially Insoluble since this allows the bond to each 
wire to ba remade repeatedly without erosion of the 
wires. 

The use of conductive material to form the bonds 
between the interconnection wires and the second 
component has the advantage that it is able to com- 
pensatB for any small variations in the length of the 
wires, and for any deviations in the planarity of the 
Burface of one or both of the components on which the 
contacts are arranged. This ability is enhanced 
further by locating the conductive material in a recess. 
The present invention provides a second component 
which is provided with such discrete quantities of con- 


ductive materials, as 'pools". 

The recess may be formed in the contact Alter- 
natively or m addition, the recess may be defined by 
a layer of insulating material which is located on the 
s surface of the component around, and at least in the 
vicinity of the contact The layer of Insulating material 
may be an Integral part of the component for example 
when the contact itself Is recessed betow the sur- 
rounding surface of the component. 
10 The transverse dimension of the pool of conduc- 
tive material wSl be its diameter when it is circular in 
cross-section. When the cross-section is non-circular, 
the transverse dimension will be the diameter of a cir- 
cle of equivalent cross-eectionaJ area. The depth and 
1 5 transversa dimension of the pod of conductive ma- 
terial are measured at the center of the recess. 

It is preferred that the ratio of the depth of the pool 
of conductive material to its transverse dimension is 
at least about 0.50, especially at least about 1.00. In 
20 components in which the value or this ratio is at least 
0.2S or higher, the surface d ensity of the pools of con- 
ductive material, and therefore also of interconnec- 
tions to the component can ba kept high while also 
compensating for variations In the lengths of the inter- 
25 connection wires. 

The provision of pools of conductive material in 
recesses has the advantage that interconnection 
wires can be aligned with the pools of conductive ma- 
terial by the opening of me recess. 
» Preferably, the recess is tapered inwardly. This 
further enhances correct alignment of the intercon- 
nection wires in the pools of a conductive material. To 
complement the Inward taper in the recess, it is pre* 
fer red that the Interconnection wire Is tapered over e 
ss short distance at its free end 

When the conductive material comprises a sol-, 
der. It is preferably supplied to the recesses in particu- 
late form, for excample as a powder or jn the form of 
small spheres. The powder may be supplied in the 
4o form of e paste comprising the solder particles 
together with a flux end preferably also a advent The 
paste is inserted Into a recess. Volatile components 
of the paste, especially any solvents present therein, 
are then removed by heating. Subsequently the flux 
45 is removed to leave a pool of solder In the recess on 
the contact When the solder is supplied in the form 
of spheres, it is preferred initially to supply a single 
sphere to each recess, having a transverse dimen- 
sion such that it can sit In the recess and contact the 
so base of the recess, preferably less than about 0.75 
times the transverse dimension of the recess at its 
base. Subsequently, additional spheres of solder may 
be supplied to increase the depth of the solder pool. 
A flux should generally be added with at least the ini- 
55 tial solder sphere. The quantity of flux should prefer- 
ably be enough to provide a coating on the solder 
sphere and on the contact (which Is at the base of the 
reooee), but not so much a* «o fill completely the 
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space between the the sphere and the walls of the 
recess, so as to cover the sphere. Tha use of spheres 
of solder Is particularly preferred for replenishing 
pools of solder after Interconnection wires have been 
removed therefrom In order to disconnect the compo- 
nents, since it conveniently allows the amount of 
added solder to be controlled. 

Methods of forming an interconnection wire, 
methods of interconnecting contacts, e bonding head 
for e wire bonder and electronic components, in 
accordance with the nresent invention. w3l now be 
described by way of example with reference to the 
accompanying drawings, in which: 
. Figure 1 is a sectional elevation of an electronic 
component, such as an integrated circuit chip, to 
which an Interconnection wire is being bonded by 
means of a therrnooompresslon wire bonder; 
Figure 2 is a sectional elevation of the IC chip 
shown in Figure 1, having Interconnection wires 
bonded to each contact; 

Figure 3 is a sectional elevation of an electronic 
component auch as an IC chip carrier having a 
discrete quantity of a conductive material auch as 
a setter located in a recess on each contact the- 
reon; 

Figure 4 is a sectional elevation of the electronic 
components shown in Figures 2 and 3 intercon- 
nected by means of interconnection wires; 
Figure S is an enlarged view of a bonding head of 
a wire bonder in use forming an interconnection 
wva on a contact on an electronic component; 
and 

Figure 6 shows the bonding head shown in Figure 
5 being lifted from the contact, leaving an Inter- 
connection wire bonded to the contact 
Referring to the drawings. Figure 1 shows an 
electronic component 1 euch as an integrated circuit 
chip having contacts 3 on a principal surface s 
thereof. Interconnection wires 7 are bonded to the 
contacts; one of the wires Is shown in the process of 
being bonded to its respective contact by means of a 
wire bonder, of which only the capillary bonding head 
9 is shewn. The bonding head has a through passage 
11 tnrough which the wire is supplied for bonding to 
the contacts on the component The bonding head 
has an aperture 13 in its side wall which communi- 
cates with the through passage 11 for housing means 
for weakening the wire at a point a predetermined dis- 
tance from the opening through which the wire leaves 
the through passage. Once the wire has been bonded 
to a contact it b severed at a point a distance of from 
2d to 20d above the bad 15 through which the wire Is 
bonded to the contact where d b the diameter of the 
wire. Preferably the wire lo severed by applying force 
to the wire In a direction away from the contact so that 
it breaks at a point at which it has been weakened. 

Figure 2 shows the component 1 having intercon- 
nection wires 7 bonded to each of te contacts 3. Each 


of the wires has been severed so that the wires are ail 
of substantially equal length. A layer 17 of an Insulat- 
ing material has been applied to the surface 5 of the 
component so as to encapsulate the bonds between 
o the wires 7 and the contacts 3, including the balls 1 5 
formed on the ends of the wires through which they 
are bonded to the contacts. A layer having the con- 
figuration shown in Figure 2 may be of a relatively 
inflexible polymer such as one which is at least partly 
to crystalline. 

Figure 3 shows an electronic component 21 , such 
as an IC chip carrier, having contacts 23 on a principal 
surface 26 thereof. Poors 27 of conductive material 
auch as solder are provided one on each contact 23. 
is Each of the pods is located in a recess In a layer 29 
of Insulating layer which is located on the surface 25 
of the component around each of the contacts 23. The 
ratio of the depth of each pool 27 of conductive ma- 
terial to its transversa dimension b at least 0.25. 
30 The transversa dimension of each recess is gro . 

ater at the outer surface of the layer 29 of insulating 
material than at the surface which contacts the sur* 
face 25 of the component 21 . so that the recess is tap- 
ered inwardly towards its respective contact 23. The 
25 taper of the recess helps to align the interconnection 
wires in the pools 27 of conductive material. This 
alignment can be further enhanced by severing each 
Interconnection wire 7 on the component 1 auch that 
it is tapered over a short distance at its free end. 
so Figure 4 shows the first component 1, shown In 
Figure 2, and the component 21 , shown In Figure 3, 
Interconnected by means of the interconnection wires 
7 which are bonded to the contacts 3 on the first com- 
ponent 1 as described above, and are connected to 
35 the contacts 23 on the second component 21 by 
means of the conductive material of the pools 27. 
When the conductive material Is fusible, for example 
a solder, the connection of the wires 7 to the contacts 
23 on the second component 21 is made by applying 
40 heat to oause the conductive material to fuse, and 
inserting the free ends of the wires 7 into the fused 
material. 

Figure 5 shows schematically a capillary bonding 
head 39 of a wire bonder In use forming a bond be- 

43 tween the end of a wire 41 and a contact 43 on a sur- 
face of a component 45. The wire bonder comprises 
an electrode 47 for generating an arc between it end 
the end of the wire 41 which protrudes from the 
through passage 48 In the bonding head 39 when in 

60 a raised position (not shown). The electrode 47 ser- 
ves to form a bail 49 on the end of the wire 41 by caus- 
ing the material of the wire to fuse. The electrode is 
connected through a D.C. power source 50 to the wire 

41. 

33 After the ball 49 has been formed on the end of 
the wire 41, the bonding head 39 Is lowered, past the 
ball forming electrode 47, to apply heat and pressure 
to form a bond between the boll 40 and tho oontaot43. 
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The bond is formed without the use of o material other 
than the materials of the wire and the contact, apart 
from Incidental amounts of materials such as surface 
preparation agents, reaction products and oontamm* 
ante. 

Once the bond between the ban 49 and the con- 
tact 43 has been made, the wird 41 is broken by grip- 
ping the wire within the wire bonder and applying a 
force to the wire in a direction substantially perpen- 
dicular to the contact 43 at the point at which the wire 
41 is bonded thereto. As shown in Figure 6, the force 
is applied by Slipping tho wire 41 and raising the wire 
bonded Including the bonding head 39 form the con- 
tact 43. In some dicumstances it can be advan- 
tageous to apply the force to the wire by means of 
jaws which grip the wire and which are movable rela- 
tive to the bonding arm. For example, the jaws may 
be mounted on a rasiliant arm which is capable of 
moving the jaws relative to the bonding arm so as to 
apply e reproducible force to the wire (which is bon- 
ded at its free end to the contact 43 via the ball 49). 

Thewiro is made to breakunder the epplledforce 
by weakening Itata desired point Forthis the bonding 
head Is provided with an electrode 51 in an aperture 
in the side wall of the head which communicates with 
the through passage 46. The electrode 51 is connec- 
ted to the wire 41 through the power source 80. 

On each aide of the aperture in which the elec- 
trode 51 Is located, the Internal diameter of the 
through passage 4B le arranged to be constant over 
a distance which is greatar than 2J5x where x is the 
internal diameter of the passage at the point where 
the aperture and the passage meet This allows the 
wire 41 to be cut more reproduciWy to a desired length 
since Its ability to move laterally In the passage is 
minimized; the arc between the electrode 51 and the 
wire 41 will therefore be shorter and more controll- 
able. 

The combination of force and the arc between the 
wire 41 and the electrode 51 produces an intercon- 
nection wire on the contact 43 that is tapered over a 
short distance 53 at its free end. 


Claims 

1 . A method of making an assembly of a first (1 J 
and a second (21) electronic component the assem- 
bly having plural Interconnecting contacts between 
the components, comprising the steps of: 

(a) forming Individual interconnection wlrea on 
each contact (3) on the first component by: 
(I) bonding a wire to the contact without the 
use of a material other than the materials of 
thB contact and the wire, and 
(ii) straightening and severing the wire by 
applying a force thereto In a direction away 
from the contact, to leave an interconnection 


wire (7) bonded to the contact and having a 
free end, the length of the Interconnection 
wire, as measured from the contact on the first 
component or, If a portion of the Interconnec 
8 tion wire la broadened in the vicinity of tlio con- 

tact, as measured from a point immediately 
above any such broadening, being from about 
2d to about 20d. where d Is the diameter of the 
wire: 

10 (b) positioning the components so that the sec- 
ond component is in face-to-face relationship with 
the first component; and 
(c) bonding the free end of each Interconnection 
wire to a respective contact (23) on the second 

is component 

2. A method according to daim 1 . furthercornpria- 
ing the step of weakening the wire at a point at a des- 
ired distance from the bond to the contact on the first 
component before before applying ma force to the 

20 wire, such that the wins severs at the point at which it 
has been weakened. 

3. A method according to d aim 1 , former compris- 
ing thastep of weakening ihe wire ate point at a des- 
ired distance from the bond to the contact on the first 

26 component simultaneously with the application of the 
force to the wire, such that the wire severs at the point 
at which It has beBn weakened. 

4. A method a ooordin g to daim 2 or 3, wherein the 
wire is weakened by heating. 

90 5. A method according to daim 2 or 3. wherein the 
wire is weakened by on electric arc. 

9, a method according to claim 1 , 2, or 3, wherein 
the force is applied in a direction substantially perpen- 
dicular to the contact an the first component at the 
sa point at which the wire la bonded thereto. 

7. A method according to daim 1 , 2, or 3. wherein 
the bond between the wire and the contact on the first 
component is formed by mermocompresaion bond- 
ing. 

40 8.ArnemodaoccTdlrtgtodajmi|2,cr3,wheretn 
the bond between the wire end the contact on the first 
component is formed by bail or wedge bonding. 

9. A method according to daim 1 . Z or X wherein 
the wire has a diameter of from about 1 2 to about 1 25 

43 micrometres. 

10. A method according to claim 1, 2. or 3, whe- 
rein each interconnection wire is of the same length. 

11 . A method according to daim 1 , 2, or 3, wherein 
each interconnection wire has a substantially con- 
so stent cross-section. 

12. A method according to claim 1, 2, or 3, whe- 
rein the bond between the interconnection wire and 
the contact on the second component is made by 
means of a conductive material (27) which is different 

53 from the materials of the wire and the contact 

13. A method according to daim 12. wherein the 
bond between the Interconnection wire and the con- 
tact en the second component ie made by means of 
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14. A method according to daim 12, wherein the 
conductive materia! is fusible and is located In dis- 
crete quantities on each of the contacts on the second 
component, the bond being made by healing the con- 
ductive material to cause it to fuse and inserting tha 
free end of the interconnection wire into the fused con- 
ductive material, 

1 5. A method according to claim 14 wherein each 
discrete quantity of the conductive material is located 
substantially entirely within a respective recess on a 
contact on the second component 

16. A method according to claim 1 . 2. or 3. further 
comprising the step of applying a layer (17) of an 
insulating material, through which the wire extends, to 
the bond existing between the wire and the contact on 
the first component and to the surface of the first com- 
ponent at least in the vicinity of the contact so as to 
encapsulate the bond. 

1 7. An assembly comprising f irst (1 ) and second 
(21) electronic component In opposing face-to-face 
relationship, each component having a plurality of 
contacts, pairs of contacts on the first and second 
components respectively being interconnected by 
Individual straight Interconnection wires (7) extending 
between contacts on opposing faces of die two com- 
ponents, each of the interconnection wires 

(a) being bonded to the contact (3) on the first 
component without the use of a material other 
than the materials of the wire of that contact; 

(b) being bonded to the contact (23) on the sec- 
ond component by means of a conductive ma- 
terial (27) that is different from the materials of the 
Interconnection wire and of the contact and 

(c) the length of the Interconnection wire, as 
measured from the contact on the first compo- 
nent, or, if a potion of the interconnection wire is 
broadened In the vicinity of the contact, as 
measured from a point immediately above any 
6uch broadening, being from about 2d to about 
20d, whBre d is the dlametBr of the wire. 

18. An assembly according to claim 17, wherein 
each interconnection wire Is oriented substantially 
perpendicular to the contact on the first component at 
the point at which the wire is bonded thereto. 

13. An assembly according to daim 17. wherein 
the bond between the interconnection wire and the 
contact on the first component Is a ther mo compres- 
sion bond. 

20. An assembly according to daim 17, wherein 
the bond between the Interconnection wire and the 
contact on the first component is a ball or wedge 
bond. 

21. An assembly according to daim 17. wherein 
the interconnection wire has a diameter of from about 
12 to about 125 micrometres. 

22. An assembly according to daim 17, wherein 
each interconnection wire la of the same length. 
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23. An assembly according to daim 17. where 
each Interconnection wire has a substantially con- 
stant cross-section. 

24. An assembly according to daim 1 7. wherein 
5 the conductive material is a solder. 

25. An assembly according to daim 17. wherein 
the conductive material is fusible and Is located in dis- 
crete quantities on each of the contacts on the second 
component 

,0 26. An assembly according to daim 25. wherein 
each discrete quantity of the conductive material is 
located substantially entirely within a respective 
recess on a contact on the second component 
27. An assembly according to daim 17, further 

15 comprising a layer (17) of an Insulating material, 
through which the wires entand, covering the bonds 
existing between the wires and the contacts on the 
first component and the surface of the first compo- 
nent at least in the vtdnity of each contact 

so 

Patents nap rGcho 

1. Verfahren zur Herstellung etner Anordnung 
25 aus emem ersten (1) und einem tweiten (21) eiektfo- 
nischen Bauelement die eine Vlelrahl von verbin- 
dungskontakten zwischen den Bauelementen hat, 
wobel das Verfahren folgende Schritto aufweisc 

(a) BOden einzelner Verboidungsdrfihte auf je- 
30 dam Kontakt (3) auf dem ersten Bauelement 

durch: 

(i) Bon den elnes Drehts an den Kontakt ohne 
Verwendung elnes Materials, das von den 
Material t&n des Kontakts und des Drehts ver- 

35 schieden ist, und 

(ii) Geradeflohten und Trennen des Drahts 
durch Aufbringen einer Kraft darauf In einer 
von dem Kontakt wegweteenden Richtung un- 
terZurucldassen elnes an den Kontakt gobon- 

40 detBn und ein freies Ende aufweisenden 

Verblndungsdrahta (7), dessen Lange. ge- 
messen von dem Kontakt auf dem ersten Bau- 
element, oder, wenn eln Tea des 
Verblndungsdrahts 1m Bereich des Kontakts 

45 verbreitert ist, von elnem Punlddirekt fiber ei- 

ner solchen Verbrelterung gemsseen, von ca. 
2 d bis ca. 20 d betrflgt, wobel d der Purch- 
messer des Drahts ist; 

(b) Positionleren der Bau elements derart, daQ 
so des rweite Bauelemente dem ersten Bauelement 

gegenubereteht; und 

(c) Bonden des freien Endesjedes Verbindungs- 
dmhts an elnen entspreohenden Kontakt (23) auf 
dem zweiten Bauelement 

65 2. Verfahren nach Anspruch 1 . das ferner folgen- 
den Scnrttt aufweist Schwachen des Drahts an ei- 
nem Punkt in elnem gewOnschten Abstand von der 
Bondstelia an dem Kontakt auf dam ersten Bauele- 

10 
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ment vor Aufbringen der Kraft auf den Draht derart, 
daa ein Abtrertnen das Drahts an dam Punkt erfolgt 
an dem er geschwacht wurde. 

3. Verfahren nach Anspruch 1 , das ferner folgen- 
den Schrltt aufweiat Sehwachen das Drahts an el- 5 
nam Punkt in ahem gewunschten Abstand van der 
Bondsteile an dem Kontakt auf dam ersten Bauefe- 
ment gtolchzeltig mft dam Aufbringen der Kraft auf 
den Draht derart, datt eln Abtrennen des Drahts an 
dam Punkt erfolgt an dem er geschwacht wurde. «> 

4. Verfahren nach Anspruch 2 oder 3, wobel der 
Draht dureh Erwarmen geschwacht wird. 

5. Verfahren nach Anspruch 2 Oder 3, wobei der 
Draht durch etnan elekniechen LJchtbogen ge- 
schwacht wird. 15 

6. Vartehren nach Anspruch 1 , 2 oder 3. wobel 
did Kraft In einer Richtung aufgebraeht wird, die zu 
dem Kontakt auf dem eraten Bauetement an dam 
Punkt an dam der Draht daran gabondat ist Im we- 
sentflchensenkrechtverlauft » 

7. Verfahren nach Anspruch 1, 2 oder 3, wobei 
die Bondverbindung zwiachen dem Draht und dam 
Kontakt auf dem ersten Bauelsment durch Thermo- 
kompresaJonsbonden gebildet wird. 

8. Verfahren nach Anspruch 1, 2 oder 3, wobei ts 
die Bondverbindung zwlschen dem Draht und dem 
Kontakt auf dem eraten Bauelsment durch Negelkopf- 
oder Keilbonden gebildat wird. . 

9. Verfahren nach Anspruch 1, 2 oder 3, wobel 

der Draht einen Durch messer von ca. 12 um bis ca. so 
125 urn hat 

10. Verfahren nach Anspruch 1. 2 oder 3, wobei 
jeder Verblndungsdraht die gleiche Lange hat 

11. Verfahren nach Anspruch 1. 2 Oder 3. wobei 
jeder Verblndungsdraht einen im wasentiichen Icon- as 
Stanton Querschnitt hat. 

12. Verfahren nach Anspruch 1. 2 oder 3. wobei 
die Bondverbindung zwischen dem Verbindungadraht 
und dem Kontakt auf dem zweten Bauetement durch 

ein ieitmhiges Material (27) hergesteltt wtrd, das von 40 
den Matarialien das Drahts und das Kontakts ver- 
echieden 1st. 

13. Verfahren nach Anspruch 12, wobel die 
Bondverbindung zwischen dem Verblndungsdraht 

und dem Kontakt auf dem zweiten Bauelsment durch 43 
Lot hergestellt wird. 

14. Verfahren nach Anspruch 12, wobei das ib&- 
fahige Material schmelzfahig und In Einzelmengen 
euf Jedem Kontakt auf dem zweiten Bauelement an- 
gsordnet ist und wobei die Bondverbindung herge- so 
stent wlrd durch Erwarmen des leltfahigen Materials, 

um dieses zu schmelzen, und Elnsetzen des freien 
Endos des Verbindungsdrahte in das geschmolzene 
laltfahige Material. 

1 5. Verfahren nach Anspruch 14. wobei Jede Ein- « 
zdmenge des leitrariigen Materials im wasentiichen 
voftetandig in einer entsprechenden Ausnehmung an 
elnem Kontakt auf dem zweiten Bauaiementangeord- 
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net ist 

1 6. Verfahren nach Anspruch 1 , 2 Oder 3, das fer- 
ner folgenden Schfflt aufweiat Aufbringen einer 
Schicht (17) a us einem teoltermaterlaL durch das der 
Draht verlfiuf t auf die zwischen dam Draht und dam 
Kontakt auf dem ersten Bauelement bestehende 
Bondverbindung und auf die Oberflache des ersten 
Bau elements wenlgsterts im Be retch des Kontakts. 
um die Bondsteile elnzukapseln. 

17. Anordnung, die eln erstes (1) und eln zwatos 
(21) elektronischee Bauelement aufwetst die einaiv 
der gegenuberstehen, wobel jedas Bauelement elne 
Viebahl von Kontakten hat; wobei Kontaxtpaare auf 
dem ersten und dem zweiten Bauelement jeweils 
durch einzeine gerade VerbindungsdrarTte (7), die 
zwischen Kontakten auf entgegengesettten setan 
der beiden Baueiemente verlaufen, verbunden slnd 
und wobel die Verbindungsdrahte jeweils 

(a) an den Kontakt (3) auf dam eraten Bauele- 
ment ohne Verwendung eines Materials gebon- 
datsind. das von den Materiallen des Drahts und 
dieses Kontakte verschleden ist 

(b) an den Kontakt (23) auf dem zweiten Bauele- 
ment durch ein leitfSWges Material (27) gebondet . 
Ist daa von den Materiaiien des Verbindungs- 
drahte und des Kontakts verschieden 1st und 

(c) wobei die Lange das Verbindungsdrahte, ge- 
messen von dem Kontakt auf dem ersten Bauete- 
ment. oder, wenn ein Teil des Varbindungsdrahts 
im Berelch des Kontakts verbrettertietvonelnem 
Punkt direte uber einer sotahen Verbreterung ge- 
mBssen, von ca. 2 d bis ca. 20 d betragt, wobei d 
der Durchmesser des Drahts ist 

18. Anordnung nach Anspruch 17. wobei jeder 
Verblndungsdraht im wesentilchen senkrecnt zu dem 
Kontakt auf dem ersten Bauelement an dem Punkt, an 
dem der Dram daran gebondet 1st, orienliert ist 

10. Anordnung nach Anspruch 17, wobel die 
Bondverbindung zwischen dam Verbindungsdraht 
und dem Kontakt auf dem ersten Bauelement eine 
ThBrmokompressionsbondverbindung ist 

20. Anordnung nach Anspruch 17. wobel die 
Bondverbindung zwischen dem Verblndungsdraht 
und dem Kontakt auf dam ersten Bauelement eine 
Nagelkopf- Oder Kail bondverbindung 1st 

21 . Anordnung nach Anspruch 1 7. wobei derVer- 
Wndungsdraht einen Durchmesser von ca. 12 um bb 
ca. 125 um hat 

22. Anordnung nach Anspruch 17, wobel jeder 
Verblndungsdraht die glaiche Lange hat 

23. Anordnung nach Anspruch 17, wobel Jeder 
Verbindungsdraht einen im wesentilchen konstanten 
Quwscfinitthat 

24. Anordnung nach Anspruch 17, wobei das left- 
flhig Material ein Lot ist. 

25. Anordnung nach Anspruch 17. wobei das le'it- 
fanige Material schmelzfahig und in Elnzelmengen 
auf Jedem Kontakt auf dem zweiten Bauelement an- 
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goordnetisL 

26. Anordnung naoh Anspruch 25, wobel jede 
Etnzeimenge des leitfahlgen Materials Im wesenHi- 
chen voUstindig in elner entsprecherden Ausneh- 
mung an einem Kentekt auf dem zweiten Bauelemsnt 
angeordnst 1st. 

27. Anordnung nach Anspruch 1 7. die femer eine 
Schicrit (17) aus einem isdierrnatflriaJ, durch das die 
Drahta verlaufsn. auf we 1st, wobei die Sohlcht die zwi- 
schen dan Drahten und den Kontekten auf dem eraten 
Bauetement bestehende Bondverbindung und die 
Oberflache das ersten 8 au dements wenigstens Im 
Bereich elnes feden Kontakts OberdeckL 


Revendication s 

1. Proc6d6 da production d'un assemblage d'un 
premier eomposant eiectronlque (1) et d'un second 
composant eiectronique (21), assemblage qui pos- 
sede plusleurs contacts d'interconnexion antre ies 
eornposante, comprenant lea etapaa consistent : 

(a) a former dea file ^Interconnexion diatincte sur 
chaque contact (3) present sur le premier compo- 
sant par: 

(i) liaison dim f il au contact sans I'uHisation 
d*une matiere autre que las matteres du 
contact ei du ffl, et 

(ii) redressement et rupture du ffl par applica- 
tion d'une force 6 oe ffl dans !e sens oppose 
au contact, pour laisser unfit dlnterconnexion 
(7) lie au contact et comprenant una extremtta 
libra, la longueur du fil d'interconnexion, telle 
qu'aile est mesuree a pardr du contact sur le 
premier composant ou, si una portion du fil 
d'interconnexion est elargte a proxlmlte du 
contact, tell a qu'elle est mesuree a partir d'un 
point Immfi abatement au-dessus d'un quei- 
conqua tel elargissement, allant d'envlron 2d 
a environ 20d, d repreeentam le diametre du 
«; 

(b) a positionnar lea compoaants de aorta qua le 
second oomposant soft face-a-face avec le pre- 
mier composant ; et 

(c) a liar rextremite libra de chaque f U d'intercon- 
nexion a un contact respectif (23) sur le second 
composant 

2. Proeed6 auhrant la revendication 1, compre- 
nant en outre I'etape consistent a affalWir le fil a un 
point 6ltee a una distance desiree de la liaison au 
contact sur le premie r composant event application de 
la force au fit, de serte qua le fil presente une rupture 
au point oO il a eta affalbli. 

3. Precede suivant la revendication 1, compre- 
nant en outre I'etape consistent a affaiblir le fil a un 
point situe a une distance d6s*ree da la liaison au 
contact sur le premier composant, simuhanement 
avec rappUcation de la foroe au f II, de oorto que ic fQ 


I3 459B1 22 

presente una rupture au point ou 3 a ete affaibIL 

4. Precede suivant la revendfcation 2 ou 3. dans 
lequel le f B est affalbli par chauffage. 

5. Precede suivant la revendicatlon 2 ou 3, dans 
6 lequel le fd est affaiWi au moyen d'un arc eleetriqua. 

6. Precede suivant la revendScalion 1, 2 ou 3, 
dans lequel la force est appliques dans une direction 
pratiquement perpendicutaire au contact sur le pre- 
mier composant au point ou le fa est lid a ce compo- 

1D sant 

7. Precede suivant la revendlcatton 1, 2 ou 3, 
dans lequel la liaison en tie le fU at le contact sur le 
premier composant ostformee par liaison par thermo- 
ocmpresslon. 

16 B. Precede suivant la revendieaoon 1, 2 ou 3, 
dans lequel le liaison entre le fil et le contact sur le 
premier eomposant est formee par liaison par une 
boule ou liaison en coin. 

9. Precede suivant la revendication 1, 2 ou 3, 
20 dans lequel le fil possede un diametre d'environ 12 a 

environ 125 micrometres. 

10. Precede suivant la revendication 1,2 ou 3, 
dans lequel teus Ibs f Be d'lntereonrtexion ont la memo 
longueur. 

25 11. Prooede suivant la revendicatlon 1, 2 ou 3, 
dans lequel chaque fil dlnterconnexion possede une 
section transversals pratiquement constante. 

12. precede suivant la revendieatibn 1. 2 ou 3. 
dans lequel la liaison entre le f U d'interconnexion et le 

so contact sur le second eomposant est realises au 
moyen d'une matiere conducttlce (27) qui est dlffe- 
rente des matieres du fil et du contact 

13. Prooede suivant la revendication 12. dans 
lequel la liaison entre te fO d'interconnexion et le 

ss contact sur le second composant eat realise au 
moyen dune soudure. 

14. Precede suivant la revendication 12. dans 
lequel la matiere conductnee est fusible et est situee 
en quantitds discretes sur ehacun des contacts pre- 

40 sents sur le second composant la liaison stent reali- 
ses par chauffage de la manere conductece pour 
provoquer la fusion de carta matiere et (Insertion de 
I'extremite libra du fa d'interconnexion dans la matiere 
oonductrice fondue. 

46 15. Precede suivant la revendication 14, dans 
lequel cheque quantita discrete de matiere condue- 
trice est situee pratiquement total em ent dans un evi- 
dement respectif sur un contact present sur le second 
composant 

so 1 6. Precede suivant la revendication 1 , 2 ou 3, 
comprenant en outre I'etape ^application d'une ecu- 
che (17) d'une matiere leolante, a travera laqueite 
s'etend le fil, a la liaison existent entre le fil at le 
contact sur le premier composant et a la surface du 

66 premier composant au moins a proxlmlte du oontact 
de maniere a encapsuier la liaison. 

17. Assemblage comprenant des premier (1) et 
eooentf (21) eomposonts Aieetmnlquea disposes fa- 

12 
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ce-a-face cheque eomposant comprint plusieurs sur le premier eomposant at la surface du premier 

^^Xr^^^r^ Premier ei eomposant au motns a prox^* da chaquecontact 

second composants atant respectivement totercon- 

nectees per des f lis droits ^Interconnexion distinct* 

(7) s'etendant antra les contacts sur las faces oppo- * 

sees des deux composants. chacun des tils d'tnter- 

connexion 

(a) etant lia au contact 3) sur la premier eompo- 
sant sans I'utDlsatton d'une matlere autre que lea 
matiftresdufiletdu contact; 10 
(0) etant lift au contact (23) sur le second com pea- 
sant au moyen d'une matlere conductrtee {27) qui 
estdlfffirentedesmattftres dufil d'lnteroonnexton 
et du contect ; at 

(c) eyant une longueur, telle qu'elle eat mesuree is 
a partir du contact eur ie premier cornposant ou, 
si une portion du f II d'lnterconnexbn est eiargle 
a praximite du contact, telle qu'eiie est rnesuree 
d partir <fun point immediatemBntau-dessua d'un 
qudconque tel elarglssement, allantd'environ 2d M 

a environ 20d. d repreaentant le dlametre du f n. > 

1 B. Assemblage auivam la revendlcatton 1 7, dans 
lequel cheque fll dlnterconnexion est orient* pratt- 
quemcnt perpendiculaioment au contact sur le pre- 
mier eomposant au point od le f II est lie a ce contact H 

19. AaaemWage aurvantla revendication 17, danB 
lequel la liaison entre le fit d'interconnexlon et le 
contact aur le premlBr compoaant est une liaison par 
frermo-compression. 

20. Asaemblagesuivaritiarevendlcatlon17.dans so 
lequel ta liaison entre le fB d'lnterconnexten et le 
contact sur le premier com pes ant est une liaison par 
boule ou une liaison en coin. 

21 .Assemblage suivant la revendlcation 17, dans 
lequel le fD ^Interconnexion possade un dlametre 35 < 
d 'environ 12 a environ 125 micrometres. 

22. Assemblage suivant la re vend 'cation 1 7, dans 
lequel tous lea fPs d' interconnexion poasedent la 
meme longueur. 

23. Assemblage suivant la revendlcation 17. dans 40 
lequel cheque fil d* interconnexion poasede une sec- 
tion transversale pratiquement oonstante. 

24. Assemblage suivant la revendicatten 17, dans 
lequel I a matlere conductrtee consists en une sou- 
dure. 49 

25. Assemblage suivant la revendlcation 17. dans 
lequel la matlere conductrtee est fusible et est ore- 
sen te en quantites discretes sur chacun des contacts 
presents sur le second eomposant. 

26. Assemblage suivant la revendication 25. dans SO 
lequel cheque quantity discrete de matiere conduc- 
trtee est places pratiquement totalement dsns un evt- 
dement respectlf sur un contact present sur le second 
compoaant 

27. Assemblage suivant la revendication 17. ss 
comprenant en outre une eouche (17) d'une matiere 
isolante, a travers laquelle 8*6tendent tes (lis, recou- 
vrant lea liaisons existant entre les fls et lee contacts 

13 
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